We have performed a pair-wise linkage study in the search for psoriasis susceptibility regions. A preliminary scan was performed on 20 families. In this set we obtained indications of linkage on chromosome 3q21. This region was further investigated using material from a total of 104 families (set 1B) resulting in a non-parametric linkage (NPL) of 1.77. The material was stratified in families whose parental origin is in southwest Sweden (set 1C). A maximum NPL value of 2.77 was obtained in this group. A transmission disequilibrium test (TDT) was performed on the stratified material (set 1C) and a significant P value of 0.005 was obtained, at marker D3S1269. The locus was confirmed with TDT in replicate material consisting of 148 families in which a single member was affected (P value 0.0007) at marker D3S1551. Thus, we have observed a significant P value using TDT in the vicinity of markers D3S1269/D3S1551, suggesting a novel psoriasis susceptibility region.
Introduction
Psoriasis is a skin disorder that affects approximately 2-3% of the population. 1, 2 Red scaly patches affecting the scalp, elbows or knees are a common characteristic. Patients with psoriasis also have increased incidence of arthritis, the prevalence varying in different studies from around 7% to 30%. 3, 4 The disease may appear early in life, with the most common age at onset around puberty, but other peaks are also registered later in life. 5, 6 The genetics of psoriasis have puzzled investigators for many years and several modes of inheritance have been proposed. 1, 7 A multi-factorial inheritance which involves several genes has been suggested 8, 9 but evidence for a major gene has also been proposed. 10 We have earlier shown in a population genetic study that a recessive mode of inheritance is compatible with distribution among first degree relatives with a high gene frequency. 11 With a recessive mode and a high gene frequency, a number of families will appear with a pseudo-dominant inheritance, ie one parent homozygous and the other heterozygous, giving a dominant-like inheritance.
Tomfohrde et al 12 reported the first psoriasis susceptibility locus on chromosome 17q in a few large families. It was compatible with an autosomal dominant model of inheritance. Replication studies have been reported supporting the locus on 17q, 13, 14 whereas other studies fail to confirm it. 15, 16 Matthews et al 17 reported a second psoriasis gene location on chromosome 4q using a dominant model with reduced penetrance. No other study has been able to confirm this locus. 13, 14, 16 Two independent genome scans have been carried out by Trembath et al 16 and Nair et al. 13 Trembath et al 16 identified a major susceptibility locus in the HLA region on chromosome 6p. Other potential psoriasis gene loci were also reported on chromosome 2p and 8q. 16 At the same time Nair et al 13 published a genome scan which confirmed the chromosome 6p locus and suggested two novel candidate regions on chromosome 16q and 20p. Recently Capon et al 18 suggested a new susceptibility region on chromosome region 1q. Thus, most of these other suggested loci have been presented by one group only. Confirmation of other groups' findings of susceptibility regions on chromosomes 4, 6 and 17, using the same family material (set 1B), has been reported elsewhere. 14 The HLA region has been thoroughly examined in many studies, and associations with sub-classes of HLA such as B13, Bw57, Cw6 and DR7 have been reported. [19] [20] [21] We have found a strong correlation between the presence of Cw6 and early onset in this family material. 22 A number of studies have shown linkage to the HLA region, 13, 16, [23] [24] [25] as does our patient material. 14 In the present study we have performed a pairwise linkage analysis on a limited number of families with the intention of defining regions of interest for further studies. We used family material where both parents were unaffected, so optimising the search for a major recessive gene among psoriasis patients. Suggested susceptibility regions observed in the preliminary study were further investigated in an additional set of families, ie a two-stage approach. The preliminary results indicated a psoriasis susceptibility locus on chromosome 3q21, which was further investigated in a total of 104 families (set 1B) (153 sib pairs). Linkage disequilibrium was obtained using a Transmission Disequilibrium Test (TDT) 26 on a sub-set of families originating in southwest Sweden (set 1C), suggesting a population stratification in the Swedish population. These results were confirmed in an additional set of 148 families (set 2) from the same region. We here present data on a novel psoriasis susceptibility locus in the vicinity of marker D3S1269 on chromosome 3q21.
Materials and Methods

Family Material
Since the start of the project in 1992 the group has collaborated with the Swedish Psoriasis Association, which has 22 000 registered members, all of whom were contacted. In all, 11 366 probands were able to give information on the occurrence of psoriasis among parents and siblings.
11 Figure 1 gives an overview of all patient materials used in the study. Twenty pedigrees were used in an initial pairwise linkage study. In total, 47 families (family set 1A, with 21 families in which a single member was affected, and 26 in which several members were affected) were used as first confirmation so as For the extended study on the chromosome 3q location, a total of 104 multiple-affected families (family set 1B) were used (this group include the 26 multiple-affected families (set 1A) used in the confirmation study). The family configuration was 84 families with two affected, 16 families with three affected and four families with four affected childrenaltogether 440 individuals. Only families with two unaffected parents available for genotyping and at least two affected siblings were included in the study. Family members were examined by a dermatologist (AI) and cutaneous sites of involvement were recorded. The severity of the disease was not classified. The medium age of the probands was 41 years, with a lower quartile of 35 and upper quartile of 47 years.
Association Study
We suspected our material to have a non-homogeneous background due to population stratification in the Swedish population. This hypothesis will be discussed later. Forty multiple-affected families from set 1B that fitted our model, in which at least one parent was born in southwest Sweden (Bohuslän, Halland, Skåne or Blekinge -family set 1C) were reanalysed in an association study on chromosome 3q21. This cohort consisted of 31 families with two affected children, six families with three affected, and three with four affected.
As further confirmation of the population stratification hypothesis, a replication material consisting of 148 singleaffected families (family set 2) was analysed in the TDT study. Ninety-three of these had a female proband and 55 a male proband. Only families in which at least one parent originated from southwest Sweden and with two unaffected parents and one affected child were used in the TDT study.
DNA Extraction, PCR Conditions and Analyses of Amplified Products
Genomic DNA extraction from 10 ml venous blood samples anticoagulated with EDTA was performed using standard phenol-chloroform procedures. 27 Primer sequences for polymorphic microsatellite markers were obtained from the Généthon (http://www.genethon.fr/), CHLC (http:/ /www.chlc.org/) and GDB (http://www.gdb.org) databases and synthesised on an ABI 392 DNA/RNA Synthesizer (PE Biosystems, Foster City, CA). PCR reactions were performed according to standard procedures in a total volume of 20 µl with 125 ng genomic DNA and 20 pmol of each primer, using α 32 P-dCTP (Amersham Pharmacia Biotech, Uppsala, Sweden) for radioactive labeling of PCR products. PCR products were resolved on a 6% denaturing polyacrylamid/7M urea gel. All reactions were performed on 96-well microtiter plates.
Genotypes in the TDT study were determined on an ABI 377 (PE Biosystems) using fluorescence labelled markers. Each forward primer was 5'-tailed with an M13 sequence 5'-CGACGTTGTAAAACGACGGCCAGT-3'. The reverse primer was unmodified. A third primer, based on M13 sequence 5'-end (Amersham Pharmacia Biotech) and labelled with either FAM, TET or HEX, was added to the master mix. The PCR reaction was performed under the same conditions as described above, with the exception of primer concentrations: the tailed forward primer 10 pmol/reaction, reverse primer 20 pmol/reaction and labelled M13 primer 5 pmol/reaction. The genotype for each individual was determined using GENOTYPER software (PE Biosystems).
Linkage Analysis
The preliminary pairwise linkage study was performed using the LINKAGE package. 28 A recessive model with an estimated penetrance of 80% and a gene frequency of 0.25 (deduced from earlier studies, 6, 11 ) and a dominant model with an estimated penetrance of 70% and a gene frequency of 1.3% 17 were used. The extension study on the chromosome 3 locus included all 104 families. In this study, we used the GENE-HUNTER 1.1 software, 29 which performs complete multipoint parametric and non-parametric linkage analysis.
The genetic map used in the chromosome 3 region was obtained through the Généthon 30 and CHLC database (www.chlc.org/data/integratedmaps). Marker location was also determined using Stanford G3 Radiation Hybrid Panel (Research Genetics, Huntsville, AL). YAC and BAC contigs were constructed for the region.
Marker distances (in cM) used in the study on chromosome 3 were: centromere -D3S2460 -( Figure 2 for a graphic description.
Transmission Disequilibrium Test (TDT)
Family sets 1C and 2 were analysed in the TDT study. Each allele for every individual was size-determined and manually Eight polymorphic microsatellites, D3S1267, D3S3552, D3S1269, D3S1551, D3S1765,  D3S2370, D3S1589 and D3S2324, were used in the test. The transmitted/non-transmitted parental alleles were subsequently scored and the TDT was performed using the ETDT program.
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Results
Pairwise Linkage Study
The primary pairwise linkage study consisted of a set of 20 families collected mainly from southern Sweden. We used a limited number of markers in the genome wide linkage study. A total of 168 markers on the material were analysed (average spacing 20 cM). Altogether, six regions with a homogeneous lod score > 0.5 were found (recessive model 80% penetrance, 25% gene frequency). These regions were located on chromosome 2 (GAAT1A5), 3 (D3S1238), 4 (D4S194), 5 (D5S436), 14 (D14S72) and 15 (CYP19). Findings on chromosomes with earlier reported psoriasis locations such as 4, 6 and 17, have been analysed in all 104 families and are published elsewhere. 14 Adjacent markers in each of the six susceptibility regions were analysed using an extended family material of 47 families (set 1A, Figure 1A ). The chromosome 3 location was confirmed with an increased homogeneous lod score value of 3.36 at marker D3S1238 (recessive model). Assumption of a heterogeneous situation gave a heterogeneous lod score (hLOD) = 3.85 (α = 0.45) at the same position (α being the fraction of families linking to this position). At the remaining five suggestive locations obtained in the pairwise linkage study, the lod score decreased to less than zero in the extended material (detailed data available on request).
Chromosome 3q21 Location
A total of 104 families (153 sib pairs -family set 1B) ( Figure 1A ) with at least two affected siblings was further analysed with markers in the chromosome 3q21 region (for map of markers see Figure 2 ). Non-parametric linkage (NPL) with the GENEHUNTER 1.1 software was performed. A maximum NPL value of 1.77 (P value 0.04) was obtained at marker D3S1589 located approximately 6 cM proximal to the first suggested position at marker D3S1238. A heterogeneous lod score (hLOD) using a recessive model with 80% penetrance and 25% gene frequency indicated a maximum hLOD value of 1.51 (α = 0.14) at marker D3S1238. A dominant model with 70% penetrance and 1.3% gene frequency indicated a region in the vicinity of marker D3S1238 (1 cM dist.) with a maximum hLOD of 1.37 (α = 0.25). NPL and hLOD results of all models used and additional analysed markers in the region are shown in Figure 3B .
Population Stratification
Place of birth of both parents in the 104 families (set 1B) were investigated ( Figure 3A) . Families where at least one parent was born in southwest Sweden were selected to test for a population stratification hypothesis ( Figure 4A ). Altogether 40 families (set 1C) (Figure 1A) were selected from the original 104 families from set 1B. Parametric and non-parametric linkage analysis was performed on the divided material. The t NPL reached a maximum value of 2.77 (P value 0.003) and a maximum hLOD value of 2.59 (α = 0.32) using a recessive model at marker D3S1587 (Table 1) . Calculations with a dominant model suggested a region 1 cM distal to marker D3S1587 with a maximum hLOD of 1.92 (α = 0.44). Figure 4B gives a graphic view of all models with adjacent analysed markers.
Linkage Disequilibrium Study
To follow up the evidence of linkage in the chromosome 3q21 region, the material was analysed for potential founder effects with TDT. Each member of the 40 families (set 1C) who originated from southwest region was haplotyped. The non-transmitted alleles of the unaffected parents were used as controls (association study with internal controls). Both alleles in the affected sib were scored as affected. Markers, D3S1267, D3S3552, D3S1269, D3S1551, D3S1765, D3S2370, D3S1589 and D3S2324 were used in the specific linkage disequilibrium study. Markers D3S1269 (P value 0.005), D3S3552 (P value 0.026) and D3S1765 (P value 0.039) indicated an allele distribution deviating from random, which resulted in a significant P values ( < 0.05) in this set 1C (see Table 2 for details).
A replicate TDT on an independent family set 2 ( Figure 1B ) from southwest Sweden consisting of 148 single-affected families collected with the same criteria as above was performed. The same eight markers as described previously were used. Markers D3S3552 (P value 0.015) and D3S1551 (P value 0.0007) showed significance in this set. The two sets were also analysed together. Four out of eight markers showed significant P values in the combined sets (all data are shown in Table 2 ).
Discussion
Like several other diseases with suggested complex inheritance, psoriasis has been subjected to genome wide scans. 12, 13, [16] [17] [18] A few locations have been replicated, whilst some groups have presented loci not found by others. The discrepancy regarding psoriasis susceptibility gene locations in different investigations could be due to differences in the family material used in the different studies. Two loci have been replicated Psoriasis locus in chromosome region 3q21 F Enlund et al t by several groups, ie the HLA region on chromosome 6 13, 14, 16, [23] [24] [25] and the region on chromosome 17q. [12] [13] [14] We present here evidence for a psoriasis susceptibility locus in the chromosome region 3q21 identified in stratified patient material from Sweden. First, a pairwise linkage study was performed on limited family material optimised for recessive genes by using two unaffected parents with both affected and unaffected siblings. All peak regions (lod score values > 0.5) obtained in the first scan were further investigated with additional families. Scanning the genome with a few families to identify susceptibility regions has been suggested as an efficient first strategy in genome scanning projects, 32 but a dense genome scan using 86 of these families from set 1B is also in progress. Results from this dense genome scan are congruent with the results presented here on chromosome 3q21 (unpublished data). In this study an early indication of linkage was obtained at chromosome 3q21. The preliminary family set was extended with families fitting our criteria for recessive inheritance. Collection of blood samples started in southwest Sweden and gradually extended to the east and north. We found that adding new families increased the lod score at the chromosome 3q21 location, thereby confirming the preliminary findings, up to the point when families from other parts of Sweden (east and north) were added to the data. Therefore, we suspected that a geographically distributed psoriasis susceptibility gene existed, enriched in the population living in southwest Sweden today.
The population stratification hypothesis was tested in an association study. Families originating from southwest Sweden (set 1C) and an independent family set of 148 singly affected families (set 2) were analysed in a TDT study. The result confirmed our theory of the existence of a potential founder mutation in the vicinity of marker D3S3552. The region, including markers D3S3552-D3S1551 (spanning approximately 1 cM), gave a significant P value in the combined material even when taking into account levels in significant P values due to multiple testing.
It is likely that the southern and middle parts of Sweden became inhabited from the south, resulting in a mutation spectrum over the country. There are several examples of mutation spectra for genetic disorders that vary within Sweden, eg in carbohydrate deficient glycoprotein syndrome (CDG1A). 33 Southwest Sweden belonged to the Danish Kingdom from medieval times until the 17th century. It is therefore likely that the southwestern Swedish and Danish populations have a similar genetic background. A similar study on Danish psoriasis patient material could therefore be interesting.
In summary, we have identified a highly interesting psoriasis susceptibility region in the vicinity of markers D3S1551 and D3S3552 at chromosome 3q21, by working with a population stratification hypothesis among the Swedish population. The chromosome 3q21 region contains mostly unidentified transcripts with no obvious psoriasis gene candidate. In a recent genome scan study performed by Cornelius et al 34 searching for susceptibility regions in rheumatoid arthritis (RA) the same chromosomal region on 3q21 as presented here was implicated. Interestingly, psoriasis has long been known to be associated with joint-related problems like psoriatic arthritis. At this stage one can only speculate on a possible similar genesis for rheumatoid arthritis and psoriasis, both considered as autoimmune disorders.
Future perspectives suggest linkage disequilibrium studies on single nucleotide polymorphism (SNP) in the 148 singly affected families from the southwestern part of Sweden used in the replication TDT study (set 2).
Psoriasis locus in chromosome region 3q21 t chromosome 3q21 region to narrow down the suggested region further. Such a study has been initiated.
